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teiephone Cambridge ( 0223 48011 

telex - 81532 
27 January  1977 

Dr. F.  I f .  C.  C r i c k ,  FRS, 
Tho Sal!; f n s t i t u t c ,  
Pos l  O i l ' l C t !  sax ld09, 
Sari Dicgo, 
C a l i  EoL-riia 92112, U . S . A .  

Dear F r a n c i s ,  

Tliank you for y o u r  le t ter  e n c l o s i n g  t h e  p r e p r i n t  of the paper 
w i t h  Bak and Zeuthen.  I t  reads very  w e l l  and I t h i n k  t h c  way you 
have  d e a l t  w i t h  t h e  f i n a l  l e v e l  of f o l d i n g  c a n ' t  l e a d  t o  any 
o b j e c t i o n s .  Bak and Zeu-then are b o t h  corning t o  t h e  EM130 Workshop 
and one of them will a l s o  speak  as a d i s c u s s a n t  i n  the Royal S o c i e t y  
meeting, I t  c e r t a i n l y  makes a n i c e  story b u t  I s t i l l  have my doub t s  
as t o  whether  t h e  original o r g a i s a t i o n  of t h e  metaphase chromosome 
h a s n ' t  been d r a s t i c a l l y  changed by t h e  e x t r a c t i o n  procedure .  1 M  hcxy- 
l e n e g l y c o l  is  rather severel 
c e n t r a t i o n  high. I t h i n k  the paper  shou ld  have inc luded  a s h o r t  
d i s c u s s i o n  of t h i s  p o s s i b i l i t y  and r e f e r r e d  t o  work on e.m. s e c t i o n s  
which d o n ' t  show a funen. 

the t i m e s  a r e  l o n g  and t h e  calcium con- 

T f i m k s  a l s o  f o r  t h e  news about  Worcel. S i n c e  you l e f t ,  one 
d o e s n ' t  have t h e  fresh f low of news which may s t o p  one i r o n  g e t t i n g  
i n t o  a r u t  i n  o n e ' s  t h i n k i n g .  1 t h i n k  I unders tand  t h e  g e n e r a l  i dea ,  
b u t  I c a n ' t  see where t h e  o r i g i n a l  postu3ate comes from t h a t  the 
190 base p a i r  repeat, leads t o  a s t r a i g h t  f i l a m e n t .  

& -. 
I am going  t o  the USA n e x t  Monday, 31 Jhhdary, and w i l l  b e  

v i s i t i n g  Roches t e r  a l l  t h a t  week. 
l e c t u r e s  b u t  I a l s o  hope t o  try t o  b u i l d  s y s t e m a t i c  models of 
d i f f e r e n t  t y p e s  of kink, beg inn ing  by seeing what t h e  combina t ion  of 
our kink and t h e  S o b e l l  k ink lead t o .  In the f o l l o w i n g  week I sha l l  
be a t  Havcrford C o l l e g e  fo r  a f c w  days  visiting C h r i s  Goff, two days 
i n  i3oston and r e t u r n  t o  England on t h e  evening  of F r i d a y  11 Februa ry ,  
j u s t  i n  t ime ' to  get  r eady  for t h e  Royal S o c i e t y  meet ing.  

Henry Sbbel l '  aslied m e  t o  g i v e  some 

I should say t h a t  my conf idence  i n  kinks h2s been d imin i shed  
s i n c e  Len L u t t e r  showed m e  some p a t t e r n s  of D H A a s e  X d i g e s t s  r u n  on 
extendcd g c l s  where t h e  bands i n  t h e  10, 20, 30 rcg ion  were so 
expanded that one cou ld  see clear sub-bands co r re spond ing  t o  changes 
of oilc base p a i r .  The p o i n t  i s  t h a t  t h e  bands 1ON k 1, 1 0 N  5 2 
a r e n ' t  3 1 3 .  t h a t  much weaker t h a n  the 1 0 N  band, suggesting t h a t  t h e  c u t s  
can be made fa i . r ly  e a s i l y  on e i ther  s i d e  of t h e  TON b a s e s ,  a l b e i t  
w i t h  reduced e f f i c i e n c y .  This would be exp la ined  n a t u r a l l y  by con- 
t i n u o u s l y  ben t  DNA and an  enzyme which acts m o s t  e f f i c i e n t l y  at t k i e  

t no - fo ld  p o s i t i o n , b u t , " , a s  a g r a d i e n t  of a c t i v i t y  as t h c  d i s t o r t i o n s  
f r o m  the dvad i n c r e a s e .  Len w i l l  no doubt t e l l  you about  t h i s  n e x t  
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sprc;id might r e f l e c t  " f r ay ing"  at t h e  ends of t h e  CNA d u r i n g  t h e  
oi-j c;inal micrococca l  d i g e s t i o n .  I n  answer t o  t h i s ,  Len showed m e  
g e l s  where long  chromat in  had been d i g e s t e d  and w h i c h  showed t h e  same 
ef.Ccct. O n  c lose  examinat ion ,  one of the p a t t e r n s  showed the 1 0 N  
band less i n t e n s e  than  t h e  1ON Y I bands .  So what n i g h t  be happening 
is that these latter bands a re  produced by subsequent; act . ion of t h e  
l),;,l<isc zr ~ C P '  o n e  t i  t h e  10, 20 or 30 iong pieces ha; falicii  o l € .  

--- 

We s t i l l  h a v e n ' t  solved t h e  pack ing  of t h e  c r y s t a l s  and we hzve  
bcen much l i m i t e d  by supplies. We are s t i l l  t r y i n g  t o  f i n d  
c o n d i t i o n s  €or r e p r o d u c i b l e  p r o d u c t i o n  of the c r y s t a l s .  W e  had some 
exc i tement  when an a p p a r e n t l y  new form was produced,  bu t  i t  tui-ned 
out t o  be t h e  same c rys t a l  s t r u c t u r e ,  b u t  w i t h  a q u i t e  d i f f e r e l i t  
h a b j t .  I was, however, encouraged t o  see t h a t ,  a l t hough  t h e  c r y s t a l s  
were even smaller than before, t h e  p a t t e r n  went o u t  somewhat f u r t h e r  
so t h a t  t h e  d i s o r d e r  beyond 20 8 may o n l y  be dce t o  t h e  s m a l l  s i z e  
of t h e  c r y s t a l s .  What i s  new i s  t h a t  we have c a l c u l a t e d  t h e  3D 
P a t t e r s o n  t o  a r e s o l u t i o n  of 25 2 and t h e  s e c t i o n  at Z = $, i . e .  a long  
the 340 a x i s ,  d o e s n ' t  show many peaks compared w i t h  o t h e r  s e c t i o n s .  
I t  t h u s  seems, as I have s u s p e c t e d  f o r  some t i m e ,  that  there i s n ' t  a 
trire screw a x i s  p a r a l l e l  t o  Z and t h a t  tne  h a l v i n g s  i n  t h a t  d i r e c t i o n  5 

are low o r d e r  packing  effects .  

John Finch  hzs  been t a k i n g  e l e c t r o n  micrographs of  c r y s t a l s ,  
c r y s t a l  f r agmen t s ,  e tc .  t o  t r y  t o  see i f  we can  c o r r e l a t e  them w i t h  
t h e  X-ray p a t t e r n s .  Although he h a s  some very  n i c e  p i c t u r e s ,  t h e  
end e f f e c t  is  t o  l e a v e  one more bewildered t h a n  e v e r .  The o n l y  t h i n g  
one can  be  reasol lably s u r e  of i s  t h a t  the nucleosoriie has a s t r o n g  
d i v i s i o n  i n t o  t ~ o  pa t s  IIcwever i t  i s  c e r t a i n l y  not'kcmi-somes" 
t h a t  we have c r y s t a  uecause t h e  D N A a s e  I d i g e s t i o n  g i v e s  a s t a n d a r d  
p a t t e r n .  

$i,skd 

We have tried t o  measure t h e  d e n s i t y  seSera1 t i m e s  and t h e  b e s t  
answer we g e t  is  somewhere between 8 and 14J I..srn aware of the p o i n t  
you passed  on from Lubert  S t r y e r  t h a t ,  one s'houild lbok n o t  for equi l - i -  
brium i n  a f l o t a t i o n  method but  for a pause  i n  t h e  s i n k i n g  c u r v e  
( indeed  w e  have done t h i s  b e f o r e ) .  

,ciz-s: ;:u t r H&J , .  
/'\ 

Other  news. Vaughn Jackson  c o n t i n u e s  what he  began. H e  gave a 
t a l k  t h e  o t h e r  day a t  one of our chromat in  meet ings (which are  much 
rarer nowadays - I am so busy t h a t  I d o n ' t  always c a l l  them) and he  
won't move off  formaldehyde c r o s s - l i n k i n g .  Ron Lsskey h a s  been 
c o n t i n u i c g  t h e  s e a r c h  f o r  t h e  assembly i n t e r m e d i a t e  (Barry Honda is now 
helping h.im) b u t  r e c e n t l y  seems t o  have come across i? d i f f e r e n t .  
phenomenon. He t r i e d  t o  i s o l a t e  t h e  r e l a x i n g  a c t i v i t y  on s u c r o s e  
g r a d i e n t s  and found a b e a u t i f u l  s h a r p  11s peak. T h i s  t u r n s  o u t  n o t  t o  
r e q u i r e  h i s t o n e s  a t  a l l  and he  b e l i e v e s  i t  may have something t o  do 
w i t h  unwinding p l u s  n i c k i n g  and c u t t i n g  a c t i v i .  t y  . He theref o re  may 
$lave stumbled on something to do w i t h  r e p l i c a t i o n .  However t h e r e  is  a 
%wader  peak which may c o n t a i n  a p a r t i a l l y  asseicbled h i s t o n e  i n t e r -  
m c d . i a t e  and he  i s  now f o l l o w i n g  t h a t  up. 
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Jean Thomas has at last got some r e c o n s t i t u t i o n  expe r imen t s  t o  
work and c e r t a i n l y  the filaments made wi thou t  WP have a roughly 
140 base pair repeat, t h u s  conf i rming  Zachau,  b u t  t h e y  d o n ' t  look 
any s t ra ighter  t h a n  natural nucleof i lanents  . The experiments w i t h  
r e c o n s t i t u t i o n  i n c l u d i n g  €11 arc being done now. 

Xhats a l l  for now. Perhaps we can  speak on the phone when I 
am Xtl i  i h c h e s t e r .  

Yours ever, 

A .  Klug 

.. 
8, 


